Abstract�In wireless sensor networks (WSNs), Network lifetime is a critical metric, therefore, maximizing the network lifetime is a key challenge. In this article, we study the problem of optimal power allocation, taking into account the estimation of the total signal-to-noise ratio (SNR) at the Fusion Center (FC). In order to analyze the proposed approach, we start by applying it in to orthogonal channels, and then we extend it to non-orthogonal channels. We consider that nodes transmit their data over quasi static Rayleigh fading channels (QSRC) where these nodes have channel state Information (CSI). Simulations that have been conducted using these different channel conditions show the efficiency of the proposed approach.
INTRODUCTION

Wireless Sensor Networ k s (WSNs) h ave b ecome recently t h e active researc h topics. T h e WSN is composed of several
nodes randomly distri b uted in an area of interest where a node-source can transmit t h eir data to t h e node-destination wit h t h e h elp of one or more relay nodes; cooperative communication [1] . T h ese nodes cooperatively supervise t h e p h ysical or environmental conditions, suc h as temperature, pressure, motion or pollutants at various locations [2] . In the conventional system model, t h e node wor k s wit h an identical power resources, alt h oug h t h is approac h b eing clearly su b -optimal, t h erefore, allocation power is necessary for a good energy management. In the literature, there are several wor k s in t h is regard. In the next section; we give a b rief overview on some previous wor k s.
T h is paper is organized as follows. In the Section II, we give a comprehensive review of related wor k on networ k lifetime. Section III explains our met h od applied to t h e ort h ogonal c h annels and t h e non-ort h ogonal one considering t h at t h e nodes h ave direct access to t h e FC and t h e nodes transmit their data over a QSRC where the Channel State Information (CSI) is k nown b y all t h e nodes. Section IV, presents t h e conducted experiments and the last section concludes t h e paper.
II.
RELATED WORK
Several studies h ave addressed the pro b lem of maximizing networ k lifetime using various methods for minimizing energy consumption.
In t h is section, we present more detailed review of related wor k s witch try to prolong the networ k lifetime.
We b egin b y mentioning t h e wor k in [3] , w h ere Belmega et al. conclude that MIMO systems are more energy efficient t h an SISO systems if only t h e transmit power consumption is ta k en into account. However, w h en t h e circuitry energy consumption is considered, t h is conclusion is no longer true.
T h e limitation in a WSN is t h eir p h ysical size w h ere t h ey cannot carry multiple antennas at the same node. A new transmission technique named "Cooperative MIMO" h as b een introduced in [4] [ 15]. T h is technique is b ased on the cooperation principle w h ere t h e MIMO technology is virtually introduced.
In [5] , t h e aut h ors propose an optimal configuration algorithm for a multi-b ranc h single-h op networ k w h ere t h e total transmits power is minimized su b ject to a required error rate at the destination. In w h ich, the transmission power of the source and all the relays are ta k en to b e fixed and equal. In [6] , t h e aut h ors h ave given an extension for t h e previous wor k where considering a strategy to en h ance the performance of previous algorit h m. T h ey h ave given an expression for t h e optimal allocation of transmission power amongst t h e selected relay nodes, where b y the total networ k power for a given system SER is minimized.
In [7] optimal solutions are presented for maximizing a static networ k lifetime throug h a grap h t h eoretic approac h using static b roadcast tree.
In [8] , the o b jective of t h e aut h ors is to devise solutions t h at maximize networ k lifetime under such a minimal coverage constraint. Alfieri et al. proposed two in order to maximize t h e networ k lifetime: t h e fust one, b ased on column generation, must run in a centralized way, w h ereas t h e second one is b ased on a h euristic algorithm aiming at a distri b uted implementation.
In [9] , Nguyen et al. propose two tec h niques of cooperative reception to en h ance energy efficiency. T h e whole space-time com b ination at t h e destination node is carried out b y t h e fust tec h nique, w h ile t h e second one independently In order to analyze the proposed approach, we start by applying it in to orthogonal channels, and then we extend it to non-orthogonal channels. We consider that nodes transmit their data over quasi-static Rayleigh fading channels (QSRC) where these nodes have channel state Information (CSI).
III. POWER ALLOCATION BY USING THE LAGRANGIAN AS OPTIMIZATION METHOD
In this section, we will present our new method in order to maximize the network lifetime under the SNR total constraint at the Fusion Center (FC). We consider that nodes transmit their data over quasi-static Rayleigh fading channels (QSRC)
where these nodes have channel state Information (CSI).
The analysis of our new approach starts with the orthogonal channel, and is then extend to the Non-Orthogonal one, making use of WSN's diversity to improve the QoS.
That is why, we assume M sensors randomly distributed in the area of interest. When a monitored event occurs, the sensed observation made by an i'h sensor can be written as [10] (see figure 1):
Where e is the source signal and ni is the additive complex Gaussian noise with ni � C}/ (0, (/,), The observation Xi is multiplied by the amplification gain Wi, and then transmitted by the sensors to the Fe. Therefore, the transmission power is written as Pi = wl (1 + O"i�) assuming that E[82] = 1 where E[:] is the mathematical expectation operator.
A. Orthogonal Channels Configuration
We consider the problem of optimal power allocation for WSNs when using orthogonal channels between each sensor and the FC taking into account that the nodes have Channel State Information (CSI). In addition, we suppose that a linear minimum mean square-error (LMMSE) detector is used at the receiver. This hypothesis will make easier the calculation of SNR at the FC, knowing that the latter is the sum of all the required SNRs from each sensor. In this transmission kind, we determine the SNR corresponding to each sensor in order to meet the overall SNR constraint ensuring that the sum of these SNRs is equal to the total SNR at the FC thanks to the use of the orthogonal channels.
1) System Model
We assume M sensors randomly distributed in the area of interest using orthogonal channels between the FC and each sensor (see figure 2) . 
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Figure 2: System model using orthogonal channels.
The received signal at the FC from i'h sensor is defined by:
Where nir is the noise at the FC with a complex Gaussian distribution nir -C.N (0; O"i;) and hi is the ith channel coefficient from the sensor i to the FC. We assume that I hi I has a Rayleigh distribution. , where O";i is known.
Assuming that we use real channels, the SNR corresponding to the /h sensor using the MMSE detector is given by (Figure 3) :
We express the S N R i in terms of transmission power, we obtain:
Since we use the orthogonal channels, the total SNR at the FC will be the sum of all the required SNRs from each sensor.
Then, the total SNR of all sensors at the FC can be written as follows:
Our aim is to maximize the lifetime of our network by taking into account the estimation of Fusion Center's SNR overall quality constraint.
2) Problem Formulation:
Our goal is to maximize the lifetime that is written as follows:
Where the T is the period measurement of channel condition (we consider that T=1 to simplify), and N is the number of transmissions before the network misses energy.
Hence, to maximize the lifetime of the network it is sufficient to maximize the number of transmissions for each sensor N, taking into account the quality constraint defmed as the estimation of the SNR at the FC being greater or equal than a target value y . Then the formulation of our problem is:
Since, it will be possible to decompose our problem into M single convex optimization problems thanks to the use of the orthogonal channels. Thus, instead of maximizing the whole network lifetime, we will maximize the individual lifetime of each sensor ensuring that the sum of all the required SNRs of each sensor is equal to the total SNR at the FC. Using the weak law of large numbers [10] and maintaining that 'L.f Pij < f i ' we obtain: 
Using the Lagrangian method, we obtain: Then,
, where f( x) is the pdf of X.
Then, E[S j ] can be expressed by:
With erf (-) is an unilateral error function that is defined as follows:
Hence,
2 (x z erf(x) = .fii Jo e-u du foo exp (-xt) .
, where E n = 1 t n dt (x>o, n=O, 1,2,3 ...... ) IS the exponential integral function.
On the other hand, Cj assuming that T = Is then N = -.!.L (8)
Then, the expected sensor lifetime can be determined as follows:
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Non-Orthogonal Channels Configuration
In this section, we assume that we have M nodes transmit their data to the FC over a QSRC using the Non-Orthogonal channel taking into account that the nodes have Channel State Information (CSI) (see figure 4) .
1) System Model
The received signal at the FC from il lt sensor is defined by: Assuming that we use real channels and following the same lines as in last section, the SNR at the FC corresponding to M sensors using the MMSE detector is given by:
(1 0 )
I :1 wl l h; l2(Ji� + (Ji Our aim is to maximize the batteries lifetime duration while keeping the expected value of SNR greater than or equal to a target value y.
2) Problem Formulation
At the l' h instant, maximizing the lifetime relies on minimizing the power consumption, therefore the problem formulation is given as follows:
To find the optimal points, we use the Lagrange method while satisfying the constraints quoted before. The Lagrangian £ can be written as follows:
Let consider the Karush-Kuhn-Tucker (KKT) Conditions for the problem:
Then, the partial derivative of £ with respect to Wk is:
Taking into account the KKT conditions, we find that VI> 0
and Ak = O. Thus,
Where,
To find the value of L� 1 w?)lh?)1 we replace (14) in (13), and it becomes:
[ M 1
Finally, equation (14) becomes:
Now, the challenge is to find the value of V I .Therefore, we mUltiply equation (14) by I hkl, we obtain:
After that, we compute the sum of all the resulting equations, we obtain:
This equation is not written in a closed-form solution. So, it can be solved numerically using the function "Fminsearch"
[12].
IV. EXPERIMENTAL RESULTS
Several simulations have been conducted using MA TLAB in order to compare and evaluate the behavior of both the Equal Power (EP) method [13] A. Evaluation o/the proposed method using orthogonal channels configuration Figure 5 shows the lifetime network while increasing the number of nodes using orthogonal channels. As it can be seen, the proposed approach improves EP method concerning the network lifetime. Actually, the network lifetime is extended by an average of 70, 52% thanks to the use of the orthogonal channels where the overhead SNR at the FC is the sum of the SNRs coming from each sensor. Evaluation o/the proposed method using non-orthogonal channels configuration Figure 6 depicts the network lifetime while increasing the number of nodes. We can observe that using our new method the network lifetime is higher than that of EP method by an average of 82, 80%. Our simulations show that our new method using the orthogonal channels scheme and Non-Orthogonal one, consumes less energy than the EP method. The future work is to apply our new method to Non-Orthogonal channels assuming that the channel coefficients are unknown.
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